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(71). We, : K RA FT WE RK UNION- 
AKTIENGESELLSCHAFTi r ,a German : 
Company, , of, Mulheim ; ; (Ruhr),, Federal 
Republic ofo Germany, jiMANN ES? : < 
M ANNRpHREN r WERKE : ; ^AKTIBN^ 
GESELLSCHAFT, > a >, German company, 7 
of. I: D us s e 1 dor f , Fe d e ra 1 * Re p u bl j c - 
o f ; , ,Ge rrri a n y,,. iv d h dj 'J S AND VI K> 
AKTIEB QpVG, v a /Swedish v company,Vof\ 
Saridyiken, Sweden, da hereby jdeclare the 
invention ^foi which we pray that a patent 
may be; granted to, us, and the method; by ^ 
whtPJl sit (is A ior> be v performed,!! to^bei 
particularly. ? described, in; .and xby./the^ 
Following ; statement:— ^rih'^jtx^ - "nr-^o " t v^ri 
s The < i>rese prelates £to^4feat- j 

; fxchangexs/for r exam 
for nj^Iear power; stations,: comprising, a 
Pf? s sure yesse^and:, a" plurality ^oft heat 
exchange, , tubes * disposed in the* pressure 
vessel arid secured in at least- one 2 tube . 
P* at ?> through rand about, which" heat ' 
exchange tubes the same or different liquids 
orgaseous, media ^ flow. .Such devices- are of, 
d ecisi ve* ; si^ificance- for the f urictioning of, 
power, station plant, so that maximum value . 
1S 4° be attached to; their reHabUity ; ; This is - 
all ; the more the.: case since manufacture 
thereof may t take years, and even simple . 
replacement, of faulty devices is, owing> to 
the size thereof and to. radioactivity which 
may possibly have been induced, extremely 
difficult.. .Normally, . defects in heat 
exchangers occur only at the heat exchange . 
tubes, when the structure r . thereof is . 
attacked by external influences J whether 
the^e be oscillations or c£rr^uve'at14ck.of , 
the f heat exchange- media., ^ V > : "< • , ; - 
7 rThe experience gathered in recent years 
has shown that damage caused by corrosion 
occurs in particular directly adjacent the - 
tube plates and in ' curved zones of. the heat 
exchange tubes. ' L:,. ; : r ?. r 7 ; (> 7 \ ' .. 

It has' now been found that the greater 
part : of. the "damage is .due . to so-called 
tension-crack corrosion on the secondary - 
side of . the heat , exchanger. , r The . pre- ■ 



requisite for, the occurrence .of tension- 
crack; corrosion, is. the, presence, of ; tensile 
stresses,*;but these . are ^unavoidable" during 
manufacture.^ Since there^ is; frequently : no 
question :'of: stress-relief) annealing! .of .the 
tubes,;for reasonsxohnectediwith strenjgth, - 
it .was. necessary, toiseek- other. solutions for 
eliminatingrtensile * stresses: tic iv&b '^n.bo 
)\ According t to one}: of Jjtsc aspects x the 
present invention provides . a? heat 
exchanger y havinig r a^plurality of ^ .heat 
exchknge-.tubes, -compressive ■* stress having r 
been;imrjarted to a zorie of the wall of each . 
tube,^which;zoneJs>bpunded by a surface oh 
said wall, by subjecting said tubes to surface ■ 
cold^working:^ -^gbssz ;* w/o^ 1 Zw&Ti 
.cAccording to-.another of^ its: aspects :the 
present invention provides a method Lof > 
manufacturing / a^ heat : exchanger, which 
c p mp r i s e s : U t h e {.s t e pW6 fb i m p a r t i n g ; 
compressive-stress r to; a zone -bfitheyAvall of: 
each heat exchange ' tube, which -zone is. 
bounded by a surface ofr said :w'allf said. step 
comprising' subjecting said tubes.to surface , 
coId-working;-and the step* of assembling 
the heat exchanger from ^heat r exchange ' 
tubes to which compressive ."stress liks been 
imparted. ^ n ; f ^ixv*-: 

When .the method is - used if or : the 
manufacture of a heat exchanger with U- 
form heat exchange , tubes, the step of 
surface cold-woring is ,; conveniently 
effected with an apparatus comprising 
support means for supporting the ; tubes,* 
and. cold-working means, the. arrangement 
of ,;the ( . ; apparatus being j such ;^thaC :jn 
operation,,; there; is n - relatiyeVmbvement 
between each tube* and; the- cold-wprking 
means of such* a/6rm"that .the tube, can be 
progressively 1 Surface coid : w6rked along 
the Jerigth thereof.- ..V.^ -7-/: r 7 ? V 

Expedreritly each- heat exchange^tube is 
provided withViriteriial compressive stress 
dbwri lto^ar "depth; of .at l' f least O.l^mm, 
preferably as rniich as.b;5 mm, in a separate . 
working step" Owing to the superimposition . 
on the tensile stress originally present of the 
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v subsequently applied compressive stress, medium to be heated by the primary 
there remains a compressive stress excess, medium enters via a port stub 13, flows 
so that, the occurrence of tension-crack about the tubes 15 and flows out as steam 
corrosion is prevented. Suitable means for via an upper port stub 16, water traps being 
5. applying such internal compressive stress also provided in the vessel 1. 70 
are per se known techniques of cold- The parts of the. heat exchange tubes 15 
working, such as, for example, sand- which are especially, sensitive to tension- 
blasting, hammer forging, and rolling, as crack corrosion are located close above the 
already known from German tube plate 14 arid are designated b; also 
10 Auslegeschrift No. 1,227,491 which sensitive are the tube elbows, designated a. 75 
concerns' the prevention of tension-crack The tubes 15 are provided over the entire 
corrosion : in non-magnetic cap rings of length thereof with an internal compressive 
austenitic steel for the rotors of electrical stress which goes ^deeper than 100 jum, this 
machines exposed to the influence of value depending", on the fault depth 
15 nitrous gases. permissible for the ; tube material. The 80 
Tests have shown that a blast treatment" thickness of the compressive stressing layer 
similar to sand-blasting can, with regard to must always be greater than the fault depth 
the process data and in particular for since otherwise there is a risk that corrosion 
straight and also for curved tubes, * be phenomena may nevertheless emanate 
20 relatively readily adjusted and thus adapted from those faults, which penetrate the layer; 85 
and optimised with t regard to the tube: The tevel of the compressive stressing must 
material ^employed'. ? Of ^the atfove^ greafly^exce^ of the intrinsic; 
mentionedi methbdSi^in^ such : cases tensile^ stressing^ v imparte # d^'du c 
(peripheral)* hammer: forging? also may: be' manuf acture of the tubes, sirice ! even.dn tne' 
25 emjiroyed;^:andn. practically a JdenticaL occurrence- pf J supplemehtaiy v 6peratirigT 90 
r working devices! may; be ^ used for. the stressing it rriust^ be made certain that some 
carrying: into, effecfrof these working residual compressi^ 
processes, r • • I o\c na ^ < v rr^rft t> Taking th^se aspects into consideration) tlie. 
In order that the invention may be clearly, thickness ? rangei of rthe^ compressive 
30 understood ''and- readily, carried into; effect, stressing' layer- will • normally jbe 95 
- reference-will; nbw .be, made;- by way of approximately 0.124-0,3 mm. In practice, 
example, to the accompanying drawings; in fluctuations of for example 0.14-^-0.16' mm 
which:??— } ; ;;ir5 I: p Uu^ a-) \; .*f*.v have; been experienced, ^us" ^ 
Figure 1 shows a sections elevation ' of a: reasons; it is to > be endeavoured to 
35 steam generator for a -nuclear : power maxinium^ 100 
station;!;: v \s /cr^, . a:, \ti stressing -layer of approximately 20^-30% of 
Figure ,2: shows f our I plan views of r. a the^tube^iwail thibknessj which 
blasting - machine and a U-form heat conventionally is of the order of magnitude 
exchange tube in respective positions on of 1— 2 ;mm. ? :: t ; \ • : 1 : ; '^- 3 
40 the machine; ti-vl- ' r k£* "For testing the magnitude and the depth 105 
■ Figure 3 -shows a sectional elevation of qf the 'compressive stress applied, it is 
parts of the machine of Figure 7 2;*^ ; , expedient to simultaneously process^ duriri^^ v 

Figure 4 shows in elevation a detail of a manufacture, tube; samples of the same 

blasting machine of a form different from material or to remove a short section from ' 

45 that of Figure d; : n v " >-v >".rr*M :A i,v >f the tubes at the eridv-How^ 

? Figure 5 shows a plan view of another* possible ^b^'test^tKfe'lntririsic compressive 

blasting machine i and 'two U-form heat stresses byp radiographic^ fmeank br iby' , 

exchange tubes; ^ > - i^=*V-*>s inductive rmearis^ 

• Figure 6 shoWs > an ' etevation ;i of ; the* manners '-'Special " ; cbrfpsion v tests with 

50 machine of ' Figure 5 ; f = - ^ ; v; > VKr: untreated materials and with 'materials thus 115 

Figure 7 shows a view on line VII— VII of treated — what are concerned are normally 

Figured; 'and ^ ; ^ rr f\ : -*"\ ;'- c, 1\i* :s * asutenitic steels ; — clearly pro vV the^ , _ f 

' Figure 8 shows a view corresponding to practically: complete insehsitivity. to tensile * " 

that of* Figure 7 of a blasting" machine of a crack corrosion of the latter^. «- \ J V 

55 form different frbril' that of Figure 7i ltf ^° VBlast" treatmeht^bf the tubes is very; 120 

i r Referring^ to ? Figured 1,\ the steam f suitable for applying < the -desired 

generator comprises a vessel- 1; a tube plate 1 compressive'* stresses; 1 A suitable " blasting 
14 and heat exchange^ tubes 15 received^ medium is glass f balls' having a diameter of 

therein. For the sake of clarify/only' two of 0. 1^.5 mm ; preferably 0:3^-0.8 him; and , _ 

60 the tubes are shown j in : reality/' there -are a degree of hardness higher than that of the 1 2d 
thousands thereof. : The "pfirriaiy m^iurh ; material to be blasted. . For austenitic 
flows' through' port stub 1 1 into a collecting stainless steel sbda-lihie-silicate glass, for 
charrib'eri flows 'through the, tubes 15. and- example, is suitable. The^ in^ingernent 
the r flows : but' via a 'further collecting velocity of these glass balls is a function of 
65 chamber arid a port stub 121 The secondary' the r :atr pressure (approximately 1—10 130 
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atmospheres excess pressure) and is. 
advantageously of the order of magnitude , 
of 40— (00 f . m/sec, 'the . spacing of the 
blasting nozzles relative, to the tube surface d 
being 20-— 200 mm. The velocity of advance 
of the tube, which is also a; function'; of the,; 
number, and.' size" of tte blasting nozzles," is. 
approximately . ^^^x^mn r ./ t ^6^^'(Tq^ ! 
glass,- other; blasting . materials'/ haying 
corresponding' strength lyaluef.niay [also.be" 
employed, but it is.then necessaty to ensure i 
that, the; material ; qf v which "traces rimy - be 
embedded in the.tube surface, will riot itself;; 
produce "corrosion' pheliibpena^ \ 
been found tp f ^ be -^especiaily.'rsuit'abie 
precisely for; this reason. ?, % ' T ?*Z v , . 
^ Figure. *2 r shows ;;a Iblasting machine * for 
carrying.intb effect such;blasting;treatmeht. 
This f Figure comprises /four component 
views, I, II,' III, IV, showing various, phases : 

' 

vf Cpmppnent t viev^ I,shows,a Urform heat . 
e^chang^ tube 15 ,di>pdsed;pn a { feed roller.; 
convje'ypfer "2;,Th 

horizontal .rollers 2 1 ( ahd f vertical rollers 22 .* 
the; spacifig of Ahe'Iatter being ^sett ablest o ! 
correspond to \ th& spacing bftK&limbLof ' 
the- heat;exchahge;tub:e"15^ ; 
are dviypitvia sl geared motor: 23 td^mdve 
the tube/ 15 through; a blasting deviceAof 
the machih6; V * u * , — ' 

: The .blasting device compnses a turntable* 
42 arranged ipi; ^ 

gear, mbtpr ;44 v ,wa..a.pini6n"43. Secured, oh 
id,ra< 



radially.adjustable to 
pfp^tHd ; Umt^ '^io5K76f ; the;heat ; 



65 as 



the, turmable^2; A aiiu 
c^r^pol^l^^tl^.L-.,^ „^w vV * 
citl^p^&}k^X blaiting^hdzzle heaci ,41-, 
di^osed, within; a'blasti 
Reiroitt^ 

cunain^ike;V^resilient "wall* '-.(view^il)." 
Disposed at the siie^f .the blasting, device 
further^fro^ 

roller ^conveyor: 3 the"desigri;-of/whicti J is 
similartplthat of the ;feed rblleilmnvey^r^/ 
The^V conveyor ? 3; "comprises !:ffbnzbrital 
rollers 3 1 jarid vertical; rollers 32/ the rollers 
3 1 being "driven via "the'^geared mbtorjiil ' 
The machine is provided with a stop which 
is a photoelectric cell 33 arranged to switch' 
off the motor 23 and thus terminate the 
advance of the tube. 15 when the" full length 
of brie limb" of the tube 15 has travelled past 
thy blasting nozzle head 41; (viewili). Such 
stop ^means' can of course 'also be adjusted/ 
independently of the*' length of tubes to.be 
blasted, relative to the centre of the tiibe 
elbow' [:?J ; ^;/- r»i ?o Oivjf;: 
>l Simultaneously Vith'tKe^witching^ 
the'motbr 23, the motor 44 is cut in, thus to 
turn the turntable 42 and the blasting jiozzle 
HeacI/ 41 thereon ! tHroiigh^TBd 6 ? in the 
direction of the arrow (view iri). Thereby; 
the elbow of the heat exchange tube 15 is 
blasted' with the /same velocity of advance 
thatVat ; which v the ; ^ r * 



conveyor 



2 had 



transported, the. tube 15 in the direction of . 
the limbs thereof. When' the blasting nozzle , 
head 41 has ^conclucied/ Upturning/, 
movement, the turning movement is cut but 
by means of a contact (not shown) and the 70 
geared motor 23 is cut in once again, but 
this time r in the /opposite^ direction : ; of , 
rotation. In this, manner,' the heat exchange { 
tube : 1 5 travels* (view IV). back To, its starting 
position, during/rAy^ the j other ' 75, . 

rectilinear limb of tfie heat exchange tube is/, 
blasted!,;' After r t the ^tii^{^h£^n^heid ;-the \ 
startinV: position, "ihym<5tbr : 23/is once again,; 
switched /qff^the -processed ",\ tube rll^is, 
removed froni the/ suppjy^.rpller jcbnveyor^ 80 
and a* fresh tube, is placed ^h'ereupbn. -j V< . 

Furthter /cutting-in/ of; the - riotorV 23 • < 
displaces this ^ fresh tube through : the . 
blasting >. device 4, . save . that i in this case 
initially thefpther Umb pf^he/tube is blasted;^ 85 
first, and, then, afteli^ the. turning imovement - 
of- * the.^blasting^ nozzle ^head 5 4 i ,y the, > 
remaining limb, is c blasted>? -ixi jrr*^ VX^Vvfn 
^Referring to, figure 3/theblastingdevice : 
4 is shown ;in a vertical se c tion .^The , blastifig ^ 90 ^ 
nozzle" Kead/ 4 1 ;co/hprises an" annular, tiibe^ 
on the dnner side "..of ^wHich/.a^plurai^ 
nosles rf 4lfl are t arrangVd. v 
of the nozzle "41b to cause the blasting ;/ 
material tqjmpinge -at^avdesired :angle~of ; 95 : 
55° on the tubej'5; The nozzles .41a are also. : 
so, arranged that 'adjacent^blastin 
do riot mutually hinder each bther/biit/ on> 
the . contrary*: slight jy ^overlap; in respect of 
their/impingement- ; zone, in ; j b^der, that/no^ 100 f 
untreated : pr inadequately treated raireas bf / 
the tiibe/rem^n^ 
protecting ;{the0 ebyironment^i.a^ 
blasting ^matenal.iiurxb^ the^bbx-[t 
shaped; blasting JCpmR %nbc J05v 

» The turntable ,42 is of funnel shape and-is > 
provided : wthl a : cen tral , ,tubul ular "coll ar. r 0 
The turntable is fbrmeil with a^pluralityVof 7 
apertures ^ 42a u permitting 0 discKarge "or 
bitting, jmateri 1 10 > 

blasting ^nozzles// intb^ja.i container^ '46\ 
arranged ; belpw v The. pbsitibning and 
centring of the turntable 42 is effected with 
the aid of ball bearings, 5Q arranged at its 
edge. Through the tubular collar passes a . 115 
blasting -material supply line ; 47 which 
extends in a curve to the blasting head 41. . 
The . container A6~ is so connected, with a > 
filtering 1 device/ 80 ...that '."the!" collected, 
blasting Vimaterial/ 'a'uto'matically gravels. It o s 1 20 ,. 
that location. In- thi^filtering^device /which" 
is ^constructed /in/^acco^darice 
principle.pf the" 'cyclone ! separator //those 4 
blasting ; material ... particles ! f which have ! 
become excessively small, , and . therefore 1 25 . 
useless/ are separated-ouf and supplied, .via " 
a line. 81 to'/a waste collecting .vessel' (riot 
shown). . Those c blasting /material "particles 
which are still useful 'slide 'to a ^jet pump 85 \ 
connected, v/a a Jine 4^ 130 . 
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and associated at the output side with the 
supply line 47. Therewith, fresh blasting 
material also' can be fed out of a supply 
container 82, via a line 83 and a valve 84, as 
5 required to the jet pump 85. The pressure of 
the pressurised air employed as delivery 
medium is "of the order of magnitude of 
approximately 5 atmospheres excess 
pressure. In this manner, it is ensured that 
10 the blasting material is delivered along the 
shortest* possible path to the blasting 
nozzles 41a and that minimum frictiohal 
losses occur in the transport thereto so that 
also final velocity losses are minimal.- V 
15 Of course, other forms 1 also of blasting 
machines are possible; for example such as 
the one shown in Figure 4. There the design 
of the blasting head is the same as in the 
machine of Figure 3, but the head is 
20 secured to a pivoting arm 47a which is 
connected in a- manner (riot shown) to a 
supply line for' the ; blasting" material. The' 
pivoting arm 47a is adjustably connected 46 
a pivot : pirtL 91;;so 1 thatr*thefewith v "it "'is 
25 ^ possible to adjust the* head relative.' to the,, 
limb spacing* of the ' U-form tube to ; be 
treated. Disposed below the pin ; 91 is a 
reared motor 44 for pivoting the blasting 
head 4ii c :'" ?r ; 

30 Figures 5 ' to : - 7^sh6w Z another blasting 
machine in y/hich the heat exchange tubes 
remain at rest and a blasting device 5 is 
dikplacedV-:?^ -v : : JU' • •' 

In the c^e of "this 'machine two .heat 
35 ;> exchange l tubes 'MS.- are r fitted; over 
connecting 1 piris 1 17: and;: disposed brf a 
plurality 5 of ~ pivoting' . supports * 61 1 The 
supports 61 -can be hinged down one after 
the other without the position of the tubes 
40 being thereby changed. The two tubes 15 
constitute a closed track oh which blasting 
device 5 travels 'in- tHe ; - mknner of a, 
moribrailway't : -v f-; : ' :l ' " r ^ -"y 
A blasting head 51 (see Figure 7) of the 
45 * device 5 has practically: the same design as. 
the blasting, heads "41; of; the previously' 
described Ijn achi n'es ; and > is f 1 e x i b ly 
connected; 'wa' a- supply line;;(ribf shoy/n),' 
with 'a blasting material source (also riot 
shown); S J 1 ;v "-' r>t7 \:": : r/ ,:% /'i v 
vThe' blasting \heach 51 is secured ? tp a 
carriage 53 arranged to travel? with the aid 
of a profiled roller ,57 driven by a/geared 
rriotor' 58? on 1 the heat exchange tubes 15. J 
Sufcr^rt'rpll^ travel on the, tubes' 

1 5; and for supplementary, lateral guiding a 
pa) r , of * vertical ly ~ arranged ; pi hs : y 56\ are, 
provided;',* Externally 6fvthe : track* 
constituted by the : Kejaf exchahge tubes. 15; 
exteritfs * a- suppbYti^ ' 6\" 

comprising 1 adjustably ' arranged tubes; ' bh' 
which the carriage 53. bears wa horizontal 
rollers 54, thereby acquiring stability. With 
the aid : 6f tHe drive rnotqr/58, the carriage 
65 53 travels continuously arbuncl the track 
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provided by the heat exchange tubes 15, the 
blasting head 51 pressing ; the pivoting 
supports 61 down so that it is able to travel 
practically unhindered. After the carriage 
53 has passed along one half of the tube 
track, the heat exchange tube constituting 
that half can be manually removed and 
whiist the carriage 53 travels along the 
other half, the tube; which has been 
removed is replaced by a fresh, untreated 
tube 15. The heat exchange tubes must in 
each particular ; instance be manually 
replaced ! in accordance with the travel 
velocity of the 'carriage. V ; 7 1 

An appropriate receiving trough (not . 
shown) is provided for discharged blasting 
material;; The discharged blasting material 
is then returned via a delivery line' to a 
blasting blower, which corresponds to the 
jet pump 85 of Figure 3 1 4 '', ;;. 'v;.\ ^ 

The imparting of compressive stress to 
tubes is, as already mentioned, also possible 
with' other metHodis,; such as, for example £ 
hammer . fbrging?;:A- : fiammer^;forginfe 
machine is stibwn in £igure\8; it is similar to : 
tlie machine 7 pf^^ 

carriage 53 there is provided in this^case a 
carriage 76. to which k peripheral hammer! 
forcing' device ,7 is attached. The de;yice~ ,7. 
cpmprises'--/ a-Trame 73 in' which there Js\ 
mounted, by means of rollers 72, a rotary 
harnmeririg head,71i The ^ hammering head 
71 ; comprises.; hammer, forging - units; 1^8 
operating in accordance with the resonance 
principle. Hardened end face's of piri^pf the ) 
units impinge, in the caderice v of the system 
frequency,' on. trie 5 heat exchange tubes 15. 
The rotation pf:the hammering head 71 is 
effected via a friction roller 74 frpm a; rriotor 
75 mounted on the carriage 76; J 
';. Via rollers 77, the carriage, 76 is mounted 
on a J supporting structure 6 and the travel of 
thfe carriage' is, as in trie machihe of Figures 
5 to 7," effected by roller 57 (not shbwn)V 
The peripheral hammer forging devipe 7 
can, ,6f cbursei also be! introduced instead 
of the blasting nozzle ;in 4he/ machine;. : of 
Figures; 5 .;to .7. , For the sake of clarity, 
current '.'supply, , lines to the individual 
respnarice. hammer; fbrging^units 78 SLre^npt 
shown; m detail;' for this purpose slipririgs 
may be employed. Current supply can (as, in 
tfte J fcase;^frFigures':S---7)l" Expediently., be! 
efffected byja trailing^cable. extending from 

aBove.^ : ' "J-<*''o- ; * : *r\ K*:. 

Instead" of ah electrical drive,., a 
compressed-air drive would, be conceivable 
and' this could, of course, -also be employed 
for 'displacement of the ■ carriage. It would 
also" bepossibl^ 

depend: from the' heat exchange tubes so 
tKat : the ; outer adjustable -supporting 
structure 6, could be dispensed with. 3 - , ]. ^ 
I In the case?bf each of the examples, the 
depth of the compressive stressing layer is a 
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function not only of jthe tube material but 
also of the impingement force and, density 
of the blasting material and also of , the 
treatment time, v or the: corresponding 
parameters of the hammer forging units 78. 
Ascertainment .of the most advantageous 
^values is a 'question of tests,; the. results/of 
which can be ascertained with the aid of the 
afrementioned methods: ' ^ ^/ ^ ^ "f - 
r , For- the. blasting processing, to. ,tubes it 
would be; possible to employ other delivery 
jiand^ drive' processes^; for- 'the"^ blasting 
■material;'; *\ T CiVj ."*\jT. 
''^ Finally,;^ 
possible; with the aid of apparatus similar to 
that used Tor external compressive stressing 
which' h^- been/ modified.;bec'ause of the 
small space available, to provide the inner 
walls of heat exchange tubes with 
compressive Stressing in . order that there 
also (if such should; be necessary) there is 
produced a cpmpfessiye fi stressing layer 
which resists tensjon^crack corrosion. 

WHAT W^LAIMIS:— 

1. A heat exchange^ having a plurality of 
heat exchange- tubes; ^ compressive stress 
having been* imparted to '"a 1 zone of the wall 
of , each tube, which zone is. bounded by a 

"surface t»f said wall, by siibjecUng said tubes 
to "Wace^li^ 

2. 'A hea't s exchangef ais'clidmed in Claim 
1 in which said zone; extends- fromsaid 
surface to a depth in an approximate 1 ranee : 
of 0.1 tb 0.5 'mm-- vV .t*>-£fc i^t*a& ^ i 

3. A heagexchanger as claimed in' Claim 
1 or 2, said surface having been cold- 
worked by blasting. 

4. A heat exchanger as claimed in Claim 
1 or 2, said surface having been cold- 
worked by hammer forging. 

5. A heat exchanger as claimed in any 
one of Claims 1 to 4, the material of said 
tube being austenitic. 

6. A heat exchanger as claimed in any 
one of Claims 1 to 5, said surface being the 
outer cylindrical surface of said wall. 

7. A heat exchanger according to Claim 
1, substantially as hereinbefore described. 

8. A method of manufacturing a heat 
exchanger which comprises: the step of 
imparting compressive stress to a zone of 
the wall of each heat exchange tube, which 
zone is bounded by a surface of said wall, 
said step comprising subjecting said tubes 
to surface cold-working; and the step of 
assembling the heat exchanger from heat 
exchange tubes to which compressive stress 
has been imparted. 

9. A method as claimed in Claim 8, 
wherein said surface is cold-worked by 
being biased with glass particles having 
diameters in an approximate range of 0.1 to 
1.5 mm. 

10. A method as claimed in Claim 9, 



wherein said diameters are in a range of 0.3 65 

to 0.8 mm. . ■'•*:•■ t : •< ,.\ 

1 1. A method as claimed in Claim 9 or 10, 
wherein^ said particles- 1 are ^discharged 
against said surface from a blasting nozzle 
the discharge end of which; is disposed at 70 
from about 20 mm : to about 200 him from 
said surface. .... 

12/A method as claimed in Claim 9* 10 or 
11,, wherein^a y gasepus' blast . niedium 
. pressure y |n ah^approxfrn 10 75 

at m o ' pheres is' e mpl 6y ed / ' ~ ^ * * ■* - 11 ' ^ 1 

,13. ; A ^method according^; to/ Claim 8, 
wherein, the step o_f* surface cold-working a 
heat, exchange^ tube Vis ; substantially ;: in 
accordance^with any example hereinbefore 80 
described with reference to the 
accompanying drawings. : iQ ti , -. ih j 
. . f : 1 4; A 2 method according . to ; Claim 8 for . > >; 
•> manufacturing !aiteat^exch'aiige^-haying r _U- 
form heat exch^ger tubes, in which method 85 
the stepkof^surf^^ is effected 

with in ^apparatus colmprisingosuppqrt 
means for^ supporting : the x tubesj and cold- 
» working »miam+r£fi$ arrangement, of ; the 
apparatus : being : such that, - in ; , operation, 90 
: there is irelatiye; moyement between; 1 each 
tube and the^coid-wprking means of : sufch a 
form thatf the tube pan /be^progressiyeiy h> 
surface cold-worked along the c length 
^thereof,0 r ? : b*r.-.i*!o tuhrAzW. A 95 

15. A method~as claimed in Claim 14, 

- wherein i the ^apparatus 4 further ^comprises 
trMslati^ bpierable^to'^move the 

tiibeViri the direction of the limbs thereof, 
for feeding the limbs through the cold- 100 
working means, the cold-working means 
being arranged for movement along a 
curved path for the cold-working of the 
portion of the length of the tube 
intermediate, the limbs. 105 

16. A method as claimed in Claim 15, in 
which the support means comprises support 
rollers and guide rollers for guiding said 
tube. 

17. A method as claimed in Claim 15 or 110 
16, in which the cold-working means is a 
blasting means, the blasting means being 
mounted on a turntable, and funnel means 
being provided beneath the blasting means 

to receive blasting material. 115 

18. A method as claimed in Claim 17, in 
which a blasting material delivery duct 
extends to the blasting means, a jet pump is 
operable to pump blasting material through 

the duct, and the arrangement is such that 120 
material flowing from the funnel means can 
be fed to the pump. 

19. A method as claimed in Claim 15 or 
16, in which the cold-working means is 
mounted on a pivot arm. " 125 

20. A method as claimed in Claim 14, in 
which the cold-working means includes 
mounting means for co-operation with 
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track means whereby the cold-working w hich the hammer forging . means 

means can be moved along said tube. comprises a hammering device provided 

21. A method as claimed in Claim 20, in ^th a hammer forging head arranged to 35 
which the track means comprises a U-form rotate about the axis of the tube. ' 

5 track length of the apparatus. ■ , 27. A method as claimed in Claim 26, in 

22. A method as claimed m Claim 20 or w hich the' hammer forging head is arranged 
21, in which the track means comprises the io operate in accordance with the 
tube. m ^ _ resonance principle. / t .40 

23. A method as claimed in Claim 20, 21 28. A method according to Claim 8, 
10 or 22, in which the support means wherein the surface cbld-workirig of. a U- 

comprises a plurality .of supporting f orm h eat exchange tube is effected with an 

members each arranged to move out of apparatus substantially in accordance with 

supporting contact with the tube by the any example hereinbefore described with 45 

passage of the cold-working means and to reference to the accompanying drawings. 
15 move back into supporting contact with the ^ • 1 ' ^ 

tube when the cold-working means has V HASfeLTINE LAKE & CO., t 

passed the location of the member- ; > • / Chartered Patent Agents, i , ^ : 

24. A method as claimed in Claim 21, or 28 Southampton Buildings, ■ 
Claim 22 or 23 as appended to Claim 21, in Chancery Lane; .. 

20 which the track means comprises a further London, WC2A 1 AT, .' " 

( Urfdrm"track -length,- the' limbs of the two > ; ' . ; ;;;aitd_7\T 

-lengths being arranged end-to-end so that a ^'J:- ^ Teniple Gate Houlse^t ^ v - " 
. closed loop is proVidedi'thus to permit the : > ^ < Templef Gate, 4 " ' * - " ' 

* cold-working of the tube arid -a further U- Bristol BS1 6PT, •. v v 

25 form heat' iexchange^ tube"*disposed . - antf':^ • - " « * 

- relatively td the- first mentioned tube so that " 'f ^ ■■■■ ? r 9 Park Squire", i\ > 

the two tubes also provide a closed loop. - ; --i 'Vj^tisLSl ;2JLH^Jl' j'i.Xl' 

* 25. A method as ^ daimed in any one of :- r w \: > :: s /, <-. :^ y\^ r > r . . ^ v . 

■ Clainis> 14 to) \6 r dr- 19 ' to?<24^ in whictf the r VRefeVenb^ -has ' been!?direct^d in 
30 cold-working * means is a hammer forging pursuance of section 9, subsection (1) of the 
means.' % ^ - » : Patents Act 1949, to Patent No. 1,408,379. 

26. A method as. claimed in Claim 25, in - ' <-/<-■•■ : v > : >; : 1 ^ ; 

i". ■ cziuu *' :. - - 8 •» — 11 — : — - ' - 1 ■ vv. • ' - — • . ■.«,■'<: . -. . ; , . 
r . Printed for Her Majesty's Stationery Office, by the Courier Press, Leamington Spa,- 1977 ; ^ » 
, /. Published by^The Patent Office^ 25 Southampton Buildings, London, WC2A1 AY, from ; y 
"v * 1 '-'S- ^ which copies may be obtained, t . 
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